Metaboreceptor activation during passive heating is known to influence cutaneous vascular conductance (CVC) and sweat rate (SR). However, whether metaboreceptors modulate the suppression of heat loss following dynamic exercise remains unclear. On separate days, before and after 15 min of high-intensity treadmill running in the heat (35°C), eight males underwent either 1) no isometric handgrip exercise (IHG) or ischemia (CON), 2) 1 min IHG (60% of maximum, IHG), 3) 1 min IHG followed by 2 min of ischemia (IHGϩOCC), 4) 2 min of ischemia (OCC), or 5) 1 min IHG followed by 2 min of ischemia with application of lower body negative pressure (IHGϩLBNP). SR (ventilated capsule), cutaneous blood flow (Laser-Doppler), and mean arterial pressure (Finometer) were measured continuously before and after dynamic exercise. Following dynamic exercise, CVC was reduced with IHG exercise (P Ͻ 0.05) and remained attenuated with post-IHG ischemia during IHGϩOCC relative to CON (39 Ϯ 2 vs. 47 Ϯ 6%, P Ͻ 0.05). Furthermore, the reduction in CVC was exacerbated by application of LBNP during post-IHG ischemia (35 Ϯ 3%, P Ͻ 0.05) relative to IHGϩOCC. SR increased during IHG exercise (P Ͻ 0.05) and remained elevated during post-IHG ischemia relative to CON following dynamic exercise (0.94 Ϯ 0.15 vs. 0.53 Ϯ 0.09 mg·min Ϫ1 ·cm
Ϫ1

·cm
Ϫ2
, P Ͻ 0.05). In contrast, application of LBNP during post-IHG ischemia had no effect on SR (0.93 Ϯ 0.09 mg·min Ϫ1 ·cm
, P Ͼ 0.05) relative to post-IHG ischemia during IHGϩOCC. We show that CVC is reduced and that SR is increased by metaboreceptor activation following dynamic exercise. In addition, we show that the metaboreflex-induced loading of the baroreceptors can influence the CVC response, but not the sweating response.
post-exercise; sweating; skin blood flow; metaboreflex; baroreceptors A NUMBER OF STUDIES HAVE ESTABLISHED that dynamic exercise is followed by a disturbance in the body's ability to regulate core temperature (21, 22, 25, 38) . This is evidenced by a rapid attenuation of cutaneous blood flow and sweating despite a sustained elevation in body core and muscle temperatures for as long as 60 to 90 min following dynamic exercise (18, 40) . It has been shown that elevations in cutaneous blood flow and sweating occur in proportion to the increase in body core temperature during heat stress, in the attempt to achieve a balance between heat lost and heat gained (13) . Although past studies have identified some possible mechanisms for impaired thermoregulatory control, there remains a significant gap in the understanding of how this response is regulated (21, 22, 25, 38) .
Studies show that, independent of thermal control, the actions of nonthermal factors have important consequences on heat loss responses, and, therefore, core temperature (14, 18, 19, 30, 33) . Although nonthermal factors, such as mechanoreceptors/muscle pump and central command, have been shown to influence cutaneous blood flow and sweating during recovery, the perturbation in thermoregulatory control following dynamic exercise has primarily been ascribed to a nonthermal baroreflex-mediated response associated with postexercise hypotension (18, 23, 33, 40) . However, a recent review on the topic combined evidence from several studies examining metaboreceptor stimulation during passive heat stress (8, 26, 36) and surmised that other nonthermal factors, such as those associated with metaboreceptor activation, may be involved (24) . Their role tends to be best studied using the ischemic isometric handgrip (IHG) exercise technique, whereby IHG exercise is followed by a post-IHG ischemia performed on the exercising limb. This has been shown to result in an accumulation of metabolites that are thought to trigger group III and IV chemosensitive afferents (35) . This activation of the metaboreflex during post-IHG ischemia has been shown to maintain sweat rate at elevated levels, while reducing cutaneous vascular conductance compared with baseline values during moderate, passive heat stress (4, 27, 29, 36) . Moreover, this pattern of response was recently shown to remain intact, irrespective of the level of hyperthermia (4) .
It is well documented that alterations in baroreceptor loading status can modulate cutaneous blood flow (19, 31) ; however, only in some instances has it been shown to influence sweating (14, 18) . The activation of metaboreceptors during ischemia results in a concomitant increase in mean arterial pressure (MAP) (4, 36) . As a result of the simultaneous changes in metaboreflex and baroreflex activity that occurs during post-IHG ischemia, it is difficult to determine the extent to which metaboreceptors may be involved in the modulation of thermoeffector activity. To overcome this challenge, studies have employed either lower body negative pressure (4) or bolus infusions of sodium nitroprusside (36) during post-IHG ischemia to eliminate the reflex increase in MAP, and, therefore, changes in baroreceptor activity. When baroreceptor loading status was maintained at normal resting levels during post-IHG ischemia under moderate heat stress, the reflex decrease in cutaneous vascular conductance and increase in sweat rate remained unchanged, providing evidence that these responses are mediated by metaboreceptor activation (4, 36) .
Since circulating metabolites are elevated for a prolonged period following dynamic exercise (10) , it is plausible that the metaboreceptors may be stimulated during recovery. In fact, prior studies have alluded to the possibility that metaboreceptors may modulate heat loss responses following dynamic exercise (14, 18, 20) . To date, however, the effects of metaboreceptors have only been examined during passive heat stress and the extent to which metaboreceptors may influence thermoeffector activity following dynamic exercise remains unclear. Thus, the purpose of this study was to examine whether metaboreceptor activation following dynamic exercise alters the attenuation of sweating and cutaneous vascular conductance. We evaluated the hypothesis that thermoeffector activity following dynamic exercise would be altered by metaboreceptor activation induced by a period of post-IHG ischemia, whereby an increase in sweat rate and decrease in cutaneous vascular conductance would be observed. In addition, it was hypothesized that these responses would be unaffected by a change in baroreceptor loading status induced by the application of lower body negative pressure during the post-IHG ischemia.
METHODS
Ethical Approval
The experimental protocol was approved by the University of Ottawa Health Sciences and Science Research Ethics Board. Written informed consent was voluntarily obtained from all subjects prior to their enrolment in the study.
Subjects
Eight healthy males were recruited from within the university community to volunteer for the study. The subjects were nonsmoking, normotensive, and had no history of respiratory, metabolic, or cardiovascular disease. Age, height, body mass, and body surface area were (mean Ϯ SD): 20 Ϯ 1 yr, 182 Ϯ 5 cm, 75.5 Ϯ 5.3 kg, and 1.96 Ϯ 0.07 m 2 , respectively.
Experimental Design
All subjects volunteered for five experimental sessions, which were separated by a minimum of 24 h. Subjects were instructed to abstain from caffeine, alcohol, and strenuous physical activity within 24 h of each experimental session. Sessions were performed at the same time of day to minimize circadian variations in thermoregulatory control (1, 2) .
Upon arrival to the laboratory between 0800 and 0900, subjects were asked to void their bladder before a nude body mass measurement was obtained. Subjects wore running shoes and shorts, and entered an environmental chamber set at 35°C and 20% relative humidity. During an initial instrumentation period of ϳ45 min, the subjects performed two brief maximal voluntary contractions (MVC) using a hand dynamometer. The highest value was used to calculate a relative workload of 60% MVC (32 Ϯ 4 kg), which was used during the IHG exercise periods of the experimental protocol. Following the instrumentation period, subjects were placed in an upright seated posture and rested for a 15-min baseline period. Thereafter, subjects performed in random order one of five experimental conditions: 1) a control condition, whereby subjects rested for 5 min (CON); 2) 1 min of IHG exercise at 60% MVC and 4 min of recovery (IHG); 3) 1 min of IHG exercise followed by 2 min of post-IHG exercise ischemia and 2 min of recovery (IHGϩOCC); 4) 1 min of rest (no IHG exercise), 2 min of ischemia and 2 min of recovery (OCC); and 5) 1 min of IHG exercise followed by 2 min of post-IHG ischemia with simultaneous application of lower body negative pressure (Ϫ35 mmHg) and 2 min of recovery (IHGϩLBNP). Subjects then remained seated for a 10-min recovery period, after which they performed 15 min of high-intensity (Ͼ90% of maximal heart rate) treadmill running. At the end of the dynamic exercise period, subjects returned to the upright seated position for 20 min of recovery. Thereafter, subjects performed the same preexercise experimental condition. At the end of the experimental protocol, a period of local skin heating to 42°C for 20 min was performed followed by an additional 25 min at 44°C to determine maximum cutaneous blood flow (6) . The subject then exited the temperature-controlled chamber and a nude weight was taken. All subjects successfully completed the IHG, IHGϩOCC, and OCC conditions (n ϭ 8); however, for personal reasons, two subjects were unable to return to the laboratory to complete their final two conditions (i.e., IHGϩLBNP and CON; n ϭ 6).
To account for the influence of respiratory fluctuations in the cutaneous and sudomotor responses (9) , an auditory signal was used to control respiratory rate to 20 cycles/min during the IHG exercise and post-IHG ischemia periods. A visual feedback system was used to ensure that the subject maintained the desired force of contraction throughout the IHG exercise period.
Measurements
Esophageal temperature was measured continuously using a pediatric thermocouple probe of ϳ2 mm in diameter (Mon-a-therm, Mallinnckrodt Medical, St. Louis, MO) inserted through the nose, 40 cm past the entrance of the nostril. Local skin temperature was measured at six sites [upper back (21%), chest (21%), bicep (19%), quadricep (9.5%), hamstring (9.5%), and front calf (20%)], and mean skin temperature was calculated, according to proportions determined by Hardy and Dubois (17) . Temperature data were collected using a data acquisition module (model 3497A, HP Agilent) at a sampling rate of 15 s and simultaneously displayed and recorded in spreadsheet format on a personal computer with LabView software (version 7.0; National Instruments, Austin, TX).
Local cutaneous blood flow was estimated using laser-Doppler velocimetry (PeriFlux System 5000; Perimed AB, Stockholm, Sweden). Prior to the start of the experimental trial, laser-Doppler flow probes (integrating probe 413, Perimed AB, Stockholm, Sweden) were affixed with an adhesive ring to the nonexercising (left) forearm at a site that demonstrated cardio-synchronous pulsatile activity. Cutaneous vascular conductance was subsequently calculated as the ratio of cutaneous blood flow (perfusion units) to MAP and expressed as a percentage of maximum, as determined during local heating.
Local sweat rate was measured on the nonexercising (left) dorsal forearm using plastic capsules attached to the skin with adhesive rings and topical skin glue (Collodion HV, Mavidon Medical Products, Lake Worth, FL). Anhydrous compressed nitrogen was passed through each capsule at a known flow rate of 1 l/min. Water content of the effluent air was measured using high-precision dew point mirrors (Rh Systems, Albuquerque, NM). Local sweat rate was calculated using the difference in water content between effluent and influent air multiplied by the flow rate and normalized for the skin surface area under the capsule.
Heart rate was monitored, recorded continuously, and stored using a Polar coded WearLink and transmitter, Polar RS400 interface, and Polar Trainer 5 software (Polar Electro, Oy, Finland). MAP was estimated continuously using a Finometer (Finapres Medical Systems, Amsterdam, The Netherlands) and was verified manually by auscultation on the contralateral arm every 5 min. Measurements were derived from the beat-to-beat recording of the left middle finger arterial pressure waveform via the volume-clamp method (34) . The Finometer was calibrated using upper arm return-to-flow systolic pressure detection (5) and physiocal criteria (39) following brachial artery pressure reconstruction (15, 16) . The left arm was supported at heart level for calibration and during the resting periods prior to and following dynamic exercise.
Data Analysis
The CON condition was conducted to characterize the typical attenuation in heat loss responses (sweat rate and cutaneous blood flow) observed following dynamic exercise. Responses during CON were compared with IHG, IHGϩOCC, and OCC conditions to examine the effects of metaboreceptor activation during the experimental conditions. To assess the influence of metaboreceptors without the concomitant reflex loading of baroreceptors during the post-IHG ischemia period, the IHGϩLBNP condition was compared with the IHGϩOCC condition.
Statistical Analysis
All dependent variables were averaged over the following time periods during the experimental protocol both prior to and following dynamic exercise: 15-s baseline period (Baseline), final 15 s of the IHG exercise (End IHG), final 15 s of limb ischemia (End OCC), and final 15 s of the subsequent 2-min recovery period (End Rec). A two-way repeated-measures ANOVA was performed to compare the dependent variables at each time point (Baseline, End IHG, End OCC, and End Rec) between the five different conditions (CON, IHG, IHGϩOCC, OCC, and IHGϩLBNP). The predynamic and postdynamic exercise periods were analyzed separately. Post hoc comparisons were carried out using paired sample t-tests corrected for multiple comparisons using the Holm-Bonferroni procedure. Significance was set at P Ͻ 0.05. All analyses were performed using the statistical software package SPSS 19.0 (SPSS, Chicago, IL). Values are presented as means Ϯ SE, unless otherwise indicated.
RESULTS
Predynamic Exercise
Baseline resting. Cardiovascular (MAP and heart rate), as well as thermal (esophageal and mean skin temperatures, cutaneous vascular conductance, and sweat rate) variables were similar between conditions before the start of the experimental protocol for the predynamic exercise period (all values P Ͼ 0.05, Table 1 ).
Hemodynamic responses. MAP increased during IHG exercise relative to CON (P Ͻ 0.05) and remained elevated during post-IHG ischemia (IHGϩOCC: 103 Ϯ 3, CON: 90 Ϯ 2 mmHg, P Ͻ 0.05, Fig. 1 ). However, MAP returned to values similar to CON when lower body negative pressure was applied during post-IHG ischemia (IHGϩLBNP: 92 Ϯ 2, CON: 90 Ϯ 2 mmHg, P ϭ 0.357).
Heart rate was increased during IHG exercise relative to CON (P Ͻ 0.05), but returned to levels similar to CON (68 Ϯ 1 bpm) immediately following IHG exercise during IHGϩOCC (73 Ϯ 3 beats/min, P ϭ 0.172) and IHG (70 Ϯ 2 beats/min, P ϭ 0.423, Fig. 2 ). Moreover, a similar pattern of response for heart rate was observed during the IHG exercise period between IHGϩLBNP (97 Ϯ 3 bpm) and IHGϩOCC (100 Ϯ 5 bpm, P ϭ 0.648), as well as during post-IHG ischemia (IHGϩLBNP: 77 Ϯ 2, IHGϩOCC: 73 Ϯ 3 bpm, P ϭ 0.229). Thermal responses. Cutaneous vascular conductance did not vary between conditions during the predynamic exercise experimental protocol (P ϭ 0.823, Fig. 3 ). Sweat rate increased during IHG exercise relative to CON (P Ͻ 0.05), and this elevation was maintained during post-IHG ischemia (IHGϩ OCC: 0.31 Ϯ 0.03, CON: 0.13 Ϯ 0.02 mg·min Ϫ1 ·cm Ϫ2 , P Ͻ 0.05, Fig. 4) . A similar trend was observed between IHGϩ LBNP (0.20 Ϯ 0.04 mg·min Ϫ1 cm Ϫ2 ) and IHGϩOCC (0.31 Ϯ 0.03 mg·min Ϫ1 cm Ϫ2 , P ϭ 0.081).
Postdynamic Exercise
No differences in cardiovascular or thermal measurements were observed between conditions before the start of the experimental protocol in the postdynamic exercise period (P Ͼ 0.05 for all values, Table 1 ).
Hemodynamic responses. MAP was increased during IHG exercise relative to CON (P Ͻ 0.05). The increase in MAP was sustained during the post-IHG ischemia period (IHGϩOCC: 103 Ϯ 2, CON: 88 Ϯ 3 mmHg, P Ͻ 0.05, Fig. 1) ; however, this was reversed by application of lower body negative pressure (IHGϩLBNP: 87 Ϯ 2, CON: 88 Ϯ 3 mmHg, P ϭ 0.895). The period of ischemia alone also elicited an increase in MAP (OCC: 97 Ϯ 1, CON: 88 Ϯ 2 mmHg, P Ͻ 0.05); however, the increase in MAP was greater during IHGϩOCC (103 Ϯ 2 mmHg, P Ͻ 0.05) when IHG exercise was performed before the period of ischemia.
Heart rate increased during IHG exercise relative to CON (P Ͻ 0.05). Upon the cessation of IHG exercise, however, heart rate returned to levels similar to CON, irrespective of whether post-IHG ischemia was applied (CON: 102 Ϯ 2 vs. IHGϩOCC: 110 Ϯ 4 bpm, P ϭ 0.267) or not (CON: 102 Ϯ 2 vs. IHG: 110 Ϯ 3 bpm, P ϭ 0.149, Fig. 2 ). In contrast, heart rate remained elevated during the application of lower body negative pressure (IHGϩLBNP: 134 Ϯ 4 vs. IHGϩOCC: 110 Ϯ 4 bpm, P Ͻ 0.05).
Thermal responses. Cutaneous vascular conductance was reduced during IHG exercise relative to CON (P Ͻ 0.05). This attenuation was sustained during post-IHG ischemia (CON: 47 Ϯ 6, IHGϩOCC: 39 Ϯ 2%, P Ͻ 0.05) and was further exacerbated during the application of lower body negative pressure (IHGϩOCC: 39 Ϯ 2, IHGϩLBNP: 35 Ϯ 3%, P Ͻ 0.05, Fig. 3 ). In addition, cutaneous vascular conductance was reduced during ischemia alone (CON: 47 Ϯ 6, OCC: 41 Ϯ 4%, P Ͻ 0.05), and the magnitude of this response paralleled that observed during post-IHG ischemia (OCC: 41 Ϯ 4, IHGϩOCC: 39 Ϯ 2%, P ϭ 0.485).
Sweat rate was increased during IHG exercise relative to CON (P Ͻ 0.05), and this was sustained during the post-IHG ischemia (CON: 0.53 Ϯ 0.09, IHGϩOCC: 0.94 Ϯ 0.15 mg·min Ϫ1 ·cm Ϫ2 , P Ͻ 0.05, Fig. 4 ). The application of lower body negative pressure had no effect on sweat rate as the pattern of response during the post-IHG ischemia was similar 
DISCUSSION
This is the first study to examine the influence of metaboreceptors on thermoeffector activity during recovery from dynamic exercise. We show that the attenuation of cutaneous vascular conductance following dynamic exercise was exacerbated when metaboreceptors were activated during post-IHG ischemia. In contrast, metaboreceptor activation reversed the decline in sweat rate. A key finding is that this increase in sweat rate was not affected when the metaboreflex-induced increase in baroreceptor loading status was reversed by the application of lower body negative pressure during the post-IHG ischemia. However, contrary to our hypothesis, application of lower body negative pressure during post-IHG ischemia exacerbated the reduction in cutaneous vascular conductance. Taken together, our findings indicate that metaboreceptor activation can modulate cutaneous vascular conductance postdynamic exercise and that these effects are influenced by the metaboreflex-mediated increase in mean arterial pressure. Our findings also show that metaboreceptor activation can modulate sweat rate during postdynamic exercise; however, this response is not influenced by the metaboreflex-mediated increase in mean arterial pressure.
Cutaneous Vascular Conductance
We did not observe any effect of metaboreceptor activation on cutaneous vascular conductance during the predynamic exercise period. This is consistent with previous studies showing that under normothermic conditions, metaboreceptor activation does not influence the cutaneous circulation (4, 7, 8, 29) . In contrast, metaboreceptor activity has been shown to attenuate cutaneous vascular conductance during elevated states of hyperthermia (4, 8, 29) , which is thought to be associated with a withdrawal of active vasodilation (8, 37) and input from local mediators, which have yet to be fully elucidated (32, 37) .
As reported in previous work (22, 38, 40) , we observed a gradual reduction in cutaneous blood flow (and sweating) despite a sustained elevation in core temperature (ϳ0.75°C) during the first 20 min of recovery from dynamic exercise. However, a greater reduction in cutaneous vascular conductance (by 7%) relative to control was measured when a post-IHG ischemia was performed. This reduction is consistent with previous studies, which have examined heat loss responses during post-IHG ischemia conducted under moderate to high levels of passive heat stress (i.e., 0.3-1.4°C increase in core temperature) (4, 8, 29) . A particularly surprising observation in the present study was the attenuation in cutaneous vascular conductance (by 6%) during ischemia alone (i.e., OCC condition). The similar reduction in cutaneous vascular conductance during ischemia either preceded by IHG exercise or performed alone suggests that the levels of circulating metabolites remaining from dynamic exercise are sufficiently elevated to activate the metaboreceptors, but only when these metabolites are trapped via limb ischemia.
Prior studies have shown that metaboreceptor activation results in a concomitant increase in mean arterial pressure (i.e., baroreceptor loading status) (4, 36) . In view of the fact that changes in baroreceptor activity are known to influence cutaneous blood flow, this can lead to misguided conclusions about the role of metaboreceptors during post-IHG ischemia. We show a marked increase in mean arterial pressure during the post-IHG ischemia period (Fig. 1) , which is paralleled by a decrease in cutaneous vascular conductance. However, when the increase in mean arterial pressure is reversed (i.e., when baroreceptor loading status is unchanged during the post-IHG ischemia period) with application of lower body negative pressure, we show a greater reduction in cutaneous vascular conductance as measured during post-IHG ischemia (IHGϩLBNP: Ϫ12% vs. IHGϩOCC: Ϫ7%).
Our findings contrast the recent findings by Binder et al. (4), who reported no influence of baroreceptors on cutaneous vascular conductance during post-IHG ischemia performed under moderate levels of hyperthermia (i.e., increase in core temperature of Յ0.6°C) induced by passive heating. However, they did observe an effect at elevated levels of hyperthermia (core temperature increase of ϳ1.4°C), suggesting that the relative influence of nonthermal baroreceptor activity is most pronounced with increases in thermal drive. Meanwhile, Gagnon et al. (14) showed an absence of baroreceptor modulation of the cutaneous circulation in the early stages of recovery following exercise-induced hyperthermia (end-exercise core temperature ϳ2.7°C above resting levels). They reported that the attenuation of baroreceptor unloading with passive recovery (i.e., subjects remained seated while a second person pedaled a tandem bike, such that subjects were driven through the full range of pedaling motion in a passive manner) was shown to reverse the attenuation of cutaneous vascular conductance with a progressive decay in core temperature (core temperature ϳ1.2°C above resting levels). Taken together, these findings suggest that the relative contribution of nonthermal input in the regulation of cutaneous circulation differs as a function of the level of thermal drive. It is possible that differences in 1) tissue heat distribution, 2) level of baroreceptor activity, and/or 3) changes in skin sympathetic nerve activity associated with lower body negative pressure during a passive and exerciseinduced hyperthermia may alter this response, thereby, leading to the observed differences between studies (4, 14) . Further examination is required to evaluate these relationships. Irrespective of these differences, it is evident from the present study that baroreceptor activity can override the influence of metaboreceptors upon the cutaneous circulation following dynamic exercise.
Sweating
During the predynamic exercise protocol, sweat rate was increased during IHG exercise and was maintained during the subsequent post-IHG ischemia. Previous studies have reported no effect of metaboreceptor activation under normothermic conditions when sweating was not already activated (4, 36) . Although core temperature in the present study remained at resting levels (ϳ36.6°C), subjects were exposed to elevated ambient conditions (i.e., room air temperature maintained at 35°C). The observed response is consistent with previous research by Kondo et al. (27) , who showed an increase in sweating when post-IHG ischemia was performed under comparable ambient conditions (i.e., air temperature of 35°C). A recent study by Avila and Buono (3) expanded upon observations by Kondo et al. (27) . No sweat rate response to IHG exercise was measured in thermoneutral ambient conditions or following local heating of the forearm used to measure sweat rate. In contrast, a sweat rate response to IHG exercise was observed both during pharmacologically induced activation of the sweat glands (using intradermal administration of pilocarpine) and when subjects were exposed to elevated ambient temperatures (35°C). Taking findings from Kondo et al. (27) and Avila and Buono (3) combined with those from the present study, it can be surmised that metaboreceptor activation modulates sweat rate when sweat glands are already activated.
Consistent with previous reports (14, 18, 23, 33) , we observed a gradual decline in sweat rate during the 20-min recovery period from dynamic exercise. This was reversed by performing IHG exercise and maintained during post-IHG ischemia such that sweat rate was elevated relative to control. It has been established that metaboreceptor activation can modulate sweat rate in individuals rendered hyperthermic via passive heating (4, 27, 36) . Our results extend these findings to the postdynamic exercise period, wherein we show that metaboreceptor activation can reverse the postdynamic exercise attenuation of sweating. Interestingly, we show that relative to control, sweat rate was also elevated during the ischemia-only condition (i.e., OCC condition), whereby no IHG exercise was performed. As such, it appears that circulating metabolites remain present from the dynamic exercise period and in sufficient concentrations to elicit a metaboreflex-mediated elevation in sweat rate during ischemia alone. However, the sweat rate response was more pronounced during post-IHG ischemia compared with ischemia alone (0.94 vs. 0.65 mg·min Ϫ1 ·cm Ϫ2 , Fig. 4 ). Prior studies have demonstrated that the increase in sweat rate is directly related to the concentration of metabolites (12, 28) , and so the greater response during post-IHG ischemia compared with the ischemia-only condition in the present study is likely due to the greater amount of metabolites that are generated by IHG exercise.
Prior studies have also reported a modulatory role for baroreceptors in the control of sweating during recovery from dynamic exercise (18, 33) . However, a recent review on the topic has demonstrated that the influence of baroreceptors on sweating remains inconclusive (24) . We show that reversing the reflex increase in mean arterial pressure with lower body negative pressure during the post-IHG ischemia period had no influence on sweat rate. These findings are consistent with previous studies, which similarly reversed the increase in mean arterial pressure by the application of lower body negative pressure (4) or infusion of sodium nitroprusside (36) during the post-IHG ischemia period in individuals rendered hyperthermic through passive heating (increases in core temperature of Ն0.5°C). In contrast, findings by Gagnon et al. (14) demonstrated that the attenuation of baroreceptor unloading following dynamic exercise was only able to influence sweat rate during the late stages of recovery when core temperature was only moderately elevated (i.e., core temperature Յ0.6°C above resting). Findings from the current study support these observations, such that baroreceptors were not observed to influence sweat rate when core temperature was ϳ0.75°C above baseline resting levels. Furthermore, our results demonstrate that metaboreceptor activation can increase sweat rate following dynamic exercise and that this effect is not mediated by the simultaneous increase in baroreceptor loading status.
Perspectives and Significance
The findings of the present study cannot confirm or eliminate the role of metaboreceptors in the modulation of sweating responses following dynamic exercise per se. However, given that 1) circulating metabolites remain elevated in the postdynamic exercise period (10) and 2) metaboreceptor activation reversed the suppression of sweating observed following dynamic exercise, it could be argued that the attenuation of the sweating response may be the result of a change in responsiveness to metaboreceptor activation. Future studies further examining metaboreceptor activation following dynamic exercise could also include measurements of autonomic nerve activity to identify possible differences compared with passive heat stress studies. Moreover, in view of the fact that the increase in sweat rate observed during the activation of the metaboreceptors was not reversed during the application of lower body negative pressure, it appears that baroreceptors are likely not implicated in metaboreceptor modulation of sweating in the postdynamic exercise recovery period. In contrast, while we show that metaboreceptor activation can modulate the cutaneous circulation during recovery, it would appear that nonthermal baroreflex activity can mediate this response. These findings should not, however, be used to conclude that other nonthermal factors are not involved in the modulation of heat loss responses following dynamic exercise. In fact, recent work by Lynn et al. (30) has shown osmoreceptors to be a strong modulator of sweat rate during passive heat stress. Exercise has previously been shown to increase plasma osmolality following prolonged dynamic exercise (11) . Although osmolality was not measured in the current study, subjects lost a similar amount of weight (ϳ2%) compared with that reported by Evans et al. (11) , who also demonstrated an increase in plasma osmolality similar to that reported by Lynn et al. (30) . As such, future research is warranted to examine the combined and relative influence of baroreceptors, metaboreceptors, and osmoreceptors following dynamic exercise and their possible role in attenuating thermoeffector activity.
In summary, the current study demonstrates that the activation of metaboreceptors following dynamic exercise can influence both cutaneous blood flow and sweat rate responses. Whereas the metaboreflex-induced changes in baroreceptor loading status can also modulate cutaneous vascular responses during post-IHG ischemia, baroreceptor activity does not appear to modulate sweat rate during metaboreceptor activation. Future studies must be conducted to examine the potential interaction of these and other nonthermal factors controlling heat loss responses following dynamic exercise and whether the responses observed in the current study could be influenced by other intrinsic factors, including sex and age.
